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Abstract: This paper posses the construction of induction generator, which has the ability to operate at
a low rotation speed. This generator can be applied for directly driven turbine without using the
gearbox. The generator is multi pole with all of the windings placed on the stator. Rotor is tooth-like
and has no windings on it. Primary winding is three phase, secondary winding is two phase.
Keywords: induction generator, double fed, wind energy, direct drive.
1. Introduction
Due to the development of wind power
generators, the applied technologies have
drawn out the main directions of developing
generator construction with a target to gain the
highest possible efficiency. Nowadays the most
common designs for wind generators are
permanent magnet synchronous generator
(PMSG) and double fed induction generator
(DFIG). PMSG can operate directly with the
turbine with out gear box due to the large
number of pole pairs. But DFIG has the ability
of increasing the output power within the
increase of the wind speed. This paper posses
the original solution of how induction generator
could be applied as a directly driven double fed
generator for wind electric stations. This
generator should be designed in a way that all

the windings are placed on the stator, rotor is
tooth-like without windings [1-4].

2. Special features of the multipolar
double fed induction generator with
two phase secondary winding
The construction diagram of the double fed
induction generator is shown in the Fig. 1.
Primary winding (A-X, B-Y, C-Z) is three
phase and secondary winding (a-x, b-y) is two
phase to keep the electromagnetic symmetry of
the system. Both of the windings are placed in
the slots of the stator. Rotor is tooth-like and
has no windings on it. The number of rotor
teeth ZR is 25 and it corresponds to 25 pole
pairs. For creation of the required
electromagnetic link between windings it is
necessary to have appropriate phase shifts

between the processes going in pole extensions.
For this purpose the pole extensions are divided
into four groups. Each pole extension from the
same phase has a phase shift of 900 between
two groups. Two groups are embraced with the
one coil of one secondary phase winding. This
feature gives the phase shift for the currents ia
and ib of 900. The pole extensions in the same
group are divided with grooves where the

primary windings A-X, B-Y and C-Z are
placed. The step between the mixed pole
extensions belonging to one group equals t1 =
2tZ/3, and that between the mixed pole
extensions belonging to mixed groups equals
t2=23tZ/12. This provides a phase shift of the
pole extensions of 240 degrees within the same
group, and of 30 degrees for mixed group [10].

Figure 1: The construction diagram of the multipolar induction generator with two phase secondary
winding; tZ – tooth step of the rotor; t1 – tooth step between pole extensions; t2 – tooth step between pole
extension groups.
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The equations are similar to those for the
conventional induction machine having two
phase secondary winding on the rotor. The
equations
given
below
describe
the
electromagnetic processes in the multipolar
induction machine. Magnetic flux linkage can
be obtained with the matrix equation
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is the rectangular matrix of the winding turns
per each coil according to Fig. 1, where the

rows represent the phases and the columns
represent the pole extensions. The sign “–”
shows the secondary winding direction
according to the primary winding direction.
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where
λk = a0 + a1 cos( z Rα − γ (k − 1)) is magnetic
conductivity of K-th pole extension represented
by the Fourier series as a function of the
turning angle α of the rotor, a0 – constant
component, a1 – component of the first
harmonic [5]. The equations, which express
magnetic flux linkage for each phase, are
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The equations of voltage for this type of
generator are the same as for the conventional
induction machine:

dΨA
dt
dΨB
= iB R1 +
dt
dΨC
= iC R1 +
dt

u AB = i A R1 +
u BC
uCA

dΨa
dt
dΨb
ub = ib Rb + uCb +
dt

ua = ia R2 + uCa +

(3)
(2)

where
uAB, uBC, uCA are the grid line voltages;
iA, iB, iC are the phase currents of the generator;
ia, ib are the currents in secondary circuit;
R1, R2 is the active resistance of primary and
secondary windings;
uCa,uCb is the voltage drop on capacitor C2 of
the secondary winding.
With these equations it is possible to solve the
most difficult tasks which are met in
application of multipolar induction generators –
e.g. analysis of transient process.
The project is based on the idea that during the
rotation the secondary winding generates the
EMF proportional to the slip s = 1 −

nZ R
60 f1

(where f1 is the frequency of primary current).
If the absolute value of the slip increases, the
power generated by the secondary winding also
increases. The results of practical research have
shown that with such a machine a reliable
power generation and high efficiency can be
achieved [7].

4. The control and operation of the
secondary circuit
The secondary winding is switched through the
variable capacitors and semiconductor device

to the grid. Semiconductor device includes
rectifier part, filter, buck-boost converter, filter
and inverter.
To increase the value of the current in the
secndary circuit and power generated to the
grid from the primary circuit, the operating
mode of the induction generator has to be close
to the resonance mode. This mode can be
achieved by controlling the power factor in the
secondary circuit according to the slip s. In the
proposed design the operation of secondary
winding is designed in a way that the power
could be transferred back to the grid. The
circuit diagram is shown if Figure 2.

Figure 2: The basic circuit diagram of the multipolar double fed induction generator with two phase secondary
winding.
Table 1: The results of the practical
research
The amplitude of the voltage, generated in the

secondary circuit depends on the slip of the
generator. This may cause the voltage
fluctuations in the rectifier whenever the
rotation frequency of the rotor changes. To
keep the supply voltage to the inverter stable
the buck – boost converter is used. The inverter
then supplies constant voltage with constant
frequency to the grid [6].
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Measured
parameters

values

and unit

1

2

1
2
3
4

Stator diameter, D
Stator length, l
Number of pole extensions
Number of teeth in one pole
extension
Number of teeth in the
rotor, ZR / pole pairs
Number of phases in the
primary winding, m1
Number of phases in the
secondary winding, m2
Primary voltage, U1
Secondary voltage, U2

5

5. The results of the practical research

6

The practical research was done for the
multipolar induction machine with the
parameters given in the Table 1.

7
8
9

3

value
4

mm
mm
-

300
250
12
2

-

25

-

3

-

2

V
V

380
57

10
11
12

min-1
Hz
W

244
50
1980

W

1870

µF

-1,11
56/7
4
0,95
0,79

14
15

Rotation frequency, n
Grid frequency, f1
Power transferred to the
grid, P1
Power transferred to the
secondary circuit, P2
Slip, s
Capacitors, C1/C2

16
17

Power factor, cosφ
Efficiency factor, η

-

13

6. Conclusions
The advantages of the proposed design are as
follows:
1. This machine is designed in a way that it can
be applied as a directly driven wind or hydro
generator for small power stations. With the
multipolar construction power station does not
require gear box any more.
2. The generated power for the slip s = – (1…2)
can be transferred through the primary and
secondary windings. There are extended limits
for raising the output power if the rotation
speed of the generator is increasing.
3. The two phase secondary winding provides
electromagnetic symmetry, which significantly
reduces the presence of THD in the primary
winding.
4. The fully controlled secondary circuit allow
the limits of the generator’s installed power to
be extended.
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